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vjUMTUiiY 



The purpose of tills investigation was to compare the 
results of two theoretical methods of calculating stress 
i.i a 3hip r s transverse frame with an experiment al model 
analysis. 



, roccdure : 

The experimental stress analysis for a ship * s frame was 
made ns iu w a planar celluloid node! and the Dejgs method. 
Calculations were made usinc the clastic center method based 
on the law of virtual work and the method of Prof. V,*. Hov^aard 
tu ioturmine influence lines of stress due to vertical and 
horizontal unit loads. The results were compared uain~ the 
ex. .trimental results as a basis of comparison. 

ho suits : 

The families of six influence lines obtained by each of 
t o tiiree notuodu of analysis agreed very closely. 

Conclusions s 

The experimental results verified that the methods of 
calculation of stress usin^ twelve integration stations gave 
consistent accuracy. The elastic center method required less 



confutation \jork and attained a silently ^reator degree of 
accuracy. 

doc omnendat 1 ono i 

It is recotmended that farther v/ork be undertaken 
(I) to determine the amount of error resulting from the sim- 
plifying assumptions used and (2) to obtain a similar com- 
parison for a ship witi. two or more docks. The simplifying 
assumptions were that the moment of inertia varied as a con- 



tinuous function and tout the effects of axial force and shear 
were negligible. Further model analysis should be made using 
models that have a greater degree of stiffness to better over- 
come frictional forces. 
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fho ue termination of strewn in U*c tronsv orsc franc- of 
a i/ii./ j/i'eao.ita a difricv.it preble. i because of t».o eonoli- 
eatod structure involved. A number of methods of solution 
iwwc boon devised* ^r, J„ Bruiin in refer once (2) proposed 
a . vct.-od bacod on daGti,3liano*s principle of least work. 

rof. A* iiovpaard . eve a method based on deflections in 
rcx'orencc (5 )• In addition to these netuods advar.ee d by naval 
architects, otner netuods applicable to any structure in the 
form of a closed riiip: are available. One of these is thu 
application of the law of virtual work frequently used by 
civil engineers for indeterminate structures. 

The above methods aro ail based on rratkervitical hypo- 
thesis and are cgnpletely accurate only if the ratkonatical 
expressions used exactly represent the actual structure. 

This is impractical for t.-e ship frame , and siraplif/inp as~ 
sumptions are necessary in order to snake the confutation 
possible in a reasonable amount of tine. The word: of into -ra- 
tion in the theoretical methods is reduced b> usiip. as few 
stations as possible consistent witn reasonable accuracy. 

A.e actual no: sent of inertia varies abruptly and fru picntly, 
out it is generally assumed to be represented by a continuous 
curve faired through the several values • This curve will 
not necessarily correa, >ov»d to the actual changes in the noricnt 



of i. lur'd a and thus a diacrosmc/ fron tho actual moment of 
inertia .ay exist at the point represent ad* A second as- 
sumption usually made is that the effects of axial and sheer 
distortion are snail relative to that of the bendinr; distortion' 



and are neglected. 

Tiiia investigation determines the influence lines for 
each Of che redundant fox-ces due to unit vertical and hori- 
&ontal loads* These influence linos are determined experi- 
icuvhll/ arid t.ioox'etically by Wo methods* The two theoroti- 
cal methods ax'e compared to tho experimental results raid evalu- 
ated for accuracy and ease of computation. 

The apparatus used to determine the influence lines ex- 
perimentally consisted of a planar celluloid node! v/hich Ixad 
a m orient of inertia proportional to the actual ship frame, 
fiie frame was cut at the keel raid a Bep^s defornetor cage 
inc Wiled wuich produced distortions of a known magnitude , 

The deflections pi*oduced by these distortions at selected 



points wore then measured with a microneter microscope* The 
ordinates of the influence line for a load applied at these 
points are then determined by application of tho Iluilcr- 
Breslau principle. 

One of the theoretical methods of detorninin e the influ- 
ence lines consists of utilizing the lav; of virtual work with 
tlu. redundauts located at tho elastic center. The other 



is live oot.iod of hrof. Hov^aard 



described in reference £5). 



WlOCSDUita 



The procedure used in tills investigation for determining 
tiio influence lines consisted of four parts (1) setting tho 
conditions of the problem and determining the data necessary 



for the experimental and theoretical methods of analysis 



(2) manufacture of the model and performance of oxpori mental 
work (3) calculation by the method of virtual work us inf; 
the ©lactic center and (4) calculation by the Iiov w a&rd not hod. 



A transverse franc of a modern destroyer, which is typical 
of naval construction, was selected as tho source of all data* 



The movent of inertia ami distance of the neutral axis from. 



the molded line -were determined at twenty-five points. 



This 



relatively lar,^e number of points was used in order to make 
the values of moment of inertia approximate the actual frame 
as closely as possible, Jxxrce-seale curves were plotted of 
moment of Inertia t'orsuc distance along the molded ^irth and 
of neutral axis distance from molded line versus distance 
along the molded girth, The coordinates of points on the 
neutral axis were determined graphically from a drawing; of 
the molded Hue. Appendix A describes in more detail how 
tho fundamental data were obtained. 

A planar model, having the shape of tne neutral axis 
and moment of inertia proportional to tixat of the prototype. 



was made. 



it was cut from a sheet of celluloid and filed 



until tut depth ; _ave tho require J nonen 1- ol inertia. The 
method of calculating trn model dimensions and tho actual 
nitrometer riaasuresients obtained nay bd fou id in Appendix B. 
liext the frt’ao was cut at the location of the keol a nd the 



ends clamped into tuo two halves of a Beggs 
The right iu-i of the gage was screwed to th 
Briefly, the experimental work consisted 
known distortions into the nodal structure a 



del' oi' iotcr ga 
e table, 
of introducing 
nd aeasuring the 



deflection of each point at which an influence line ordinate 
was desired* Distortions of a known toagnitude are introduced 
by inserting the various sizes of calibrated plugs into the 
Be^gs defomet er ga 0 e. The horizontal deflection of a point 
measured by the microscope gives the data for dctemir.ir.g the 



ordinate to the influence line of a redundant due to a unit 
horizontal load* Similarly the vertical deflection ,ives the 
data for two influence line of a redundant duo to : unit load 
applied vertically. The ordinate of tue influence line for a 
redundant is equal to minus one tines the ratio of the meas- 
ured deflection to the introduced deflection. The deflection 

for each of 24 points around tho frame v;as measured to deter- 
( 

nine each influence line. Due to symmetry of tho structure- 
only the 12 readings for one side of tne r.iodel are necessaiy; 
however, the other reading nay be used as a chocl;. The 
details of tho experimental work are explained noro fully in 



Appendix B. 



H 



The influence lino for eac * redundant force \n\s calcu- 
lated by tno method of virtual work with the location of the 
redundants at the olactic center. The location of the re- 
dundant;; at this point eliminates the solution of simultaneous 
equations. For comparison with the redundants determined ex- 
perimentally the redundants at the elastic center were trans- 
ferred to the sane location. The details of the calculation 
by the elastic cantor method are given in Appendix C. 

The other method of calculation utilised the method of 
the late Prof. W, Hovgaard to determine the influence linos 
for each redundant. Tuis rvctaod requires the solution of 
simultaneous equations. The calculation details are given in 
Appendix D. 
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The results of tliia investigation consist of ths influ- 
ence lino ordinates for moment , thrust and shea, r caused by 
unit vertical and horizontal loads* The results arc tabulated 
and cotsparod in Tables I and XI* 

Soall-acaie plots of the results are shown in Figures 
I, II, and III* The curves represent the values found, by all 
three methods. To plot the results of all methods would re- 
quire too lar ~e a scale to be practical* The results* are boat 
compared in tabular form. 

Figure VI is an aid in vioualtaixig the si^iificancR of 

the results* 
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orison of Influence Lines for Tiajtlidan-tu due to Unit Vortical Load 
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Comparison of Influence Linos for ue’Tul Taunts duo to Unit Horizontal Lo. 
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The three methods 



of obtaining the influence 



linen 



,iven in fables I and II show vary good agrocaaent* 



For pur- 



poses of comparison the influence line determined experimen- 
tally v:as selected aa a base. 

Sxpex’iixoffbal techniques are always subject to measurement 
errors and to physical phenomena beyond the control of the 
experimenters • Ivory effort was tiada to rainimitse t^ooo types 
of errors. The principal errors applicable to this investi- 
gations tire listed below: 

(1) Friction forces in the model mounting apparatus of 
sufficient magnitude to prevent nor.nl deflection. 

(2) Alignment errors in mounting the model in tno Beggs 



apparatus and in orienting the microscope* 

(3) Uncertainty of microscope readings bo cacao of personal 
observation errors. 

(4) Srror in the calibration constant obtained for the 
microscope. 

(5) Errors in the introduced distortions caused by the 
Boggs pluses not being the stated size by -±0.0001". 

(6) Errors in the model manufacture where the filed depth 
differed from the theoretical* These destroyed 
strict proportionality between th© nodal and proto- 
typo moment of inertia. 



(7 > Variations in tuo modulus of elasticity due to non- 
homoyone.ity of the model material* 

( Distortions oi* t he model due to localized theroal 
expansions* 

The authors estimate the emulative effect of the above 
erroi a to be 12 microscope units* The probable error in- 
curred wi.1 1 only be 5 microscope units* Tula error vd.ll 

affect or ? thrift end shear redvndants by the amount of £, Qlfl3 
> 

and the moment redundant by ±.179* Thus in Tables I and II 
any differences between the experimental and the calculated 
results which are of smaller magnitude lie within the probable 
experimental error. It is noted that nearly all the high 
percenta&a errors occur where the magnitude of the readings 
is vary snail and could be due entirely to this cause * Con- 
sidering the differences of results which are outside the 
magnitude of the experimental error the maximum percentage 



difference was 2, 






The tuo methods of calculating the influence lines should 
have given identical results since they are both based on 
correct mathematical theories and t<«e sane basic data were 



used for each method. The disagreement between the results 
of the two methods can be attributed to: (1) solution of 

simultaneous equations in the Uov,_aard method, (2) transfer 
of redundants froa one location to another, and {3} errors in 
computation. Ilia e ^nations obtained by the iiov w aurd method 



aro those of straight lines with a very snail angle of inter- 
section. Tills poorly defined intersection makes it possible 
to obtain several different values depending on the procedure 
used in eliminating variables during tho solution of the 
simultaneous equations. The procedure followed in this in- 
vestigation minimised this error although it could still be 
detected. Transfer of rodundants caused magnification of any 
small errors Utat existed to a size where they could become 
Significant. This additional step was taken for the sole pur- 
pose of making tho redundant s alike and v/ould normally not be 
nocasuury* Arithmetical errors in computations of this Mag- 
nitude are difficult to eliminate completely but the authors 
have made exhaustive checks and feel assured that none exist. 

The remainder of the discrepancy between the theoretical 
and experimental solutions may be attributed to the iaoro ac- 
curate integration of effects by tho model and the neglect of 
axial stress and shear effects in the computations. Tho model 
was constructed with the moment of inertia proportional to 
the prototype- at Z4- joints while only 12 points were used in 

ft 

the computations. This difference v/ould tend to male© the model 
results more a c curat o. Axial stress and shear stress effects 
arc entirely neglected in the computations while in tha model 
they arc partially taken into account. • The effect cannot be 
considered comparable to that in the prototype because the 
cross sectional shapes ur© not similar. 
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T ho work of confutation by tko clastic center method was 
found to be slightly less than for the Hovgaard method. The 
amount of commutation was nearly equal for both in the initial 
and interpolate jnrta of the work. However the last part of 
the iiovjaard method consists of the solution of simultaneous 
equations \ hd.cn take appreciably longer than the divisions in 
tiie last part of the elastic center method. 

The solution of stress in a transverse ship’s franc may 
bo obtained by tae use of influence lines as in this investi- 
gation if desired. Jolution by neons of influence lines is 
approximately five tines more work of computation than a 
direct sin ulur solution for a specific loading system* How- 
ever tile influence lines can be determined by a mechanieal 
-roesduro once a fom is set up for any given type of franc, 
and plotting tho ordinates provides a ready means of detect- 
ing errors in the computation. Influence lines can bo used 
for any system of loading without change and therefore are 
flexible for determining changes in loading systems. The 
choice of influence lines over a singular solution will depend 
:>n the value attached to the above factors in any particular 
case. 






COKCLi&IuElS 



1. Experimental analysis verifies that calculation of tho 
indeterminate rcdundnnts by either the elastic center or 
llovgaard methods is accurate t .j about 3 per cent for this 
ty : >o of frame if only 12 integration stations are used* 

2. The elastic center net hod requires somewhat less tine 
for calculation than the Hovjaard not hod because of the 
elimination of simultaneous equations* 

3. In tho Hovgaard method the simultaneous equations tivat 
must bo solved are quite sensitive to snail errors which 
may reduce the accuracy. 

4* The Boygo method of experimental analysis can be relied 
on for coo cl results and requires only models that are inex- 
pensive and easy to uakc. 

5. Plotting influence lines ‘provides a chock on the accu- 
racy of the rsdv.lcs* 

6. Influence lines provide a more satisfactory solution than 
a singular solution for a specific loading system under 
certain circumstances* 



1, It ia recommended that an invent! ati on bo made to deter- 
mine the amount of error result in.; from t^e simplifying 
assumptions that the moment of inertia varies as a continu- 
ous function and that the effects of axial stress and shear 
stress are negligible* 

2. This investigation should be extended to the case of a 
s^ip having two or raoro decks* It is expected that the elas- 
tic center method for computing stress will prove to have a 
more corked superiority ever the Hovg&ard net hod than was 
shovrn in this investigation# 

3* To increase the accuracy, by reducing the frictional 
effects, a staffer model should be used* The frame could be 
stiffened by increasing the thickness of the material , by in- 
creasing the depth of the frame, or reducing the scale of 
the linear dimensions* 



appshdh a 

Description of Assuapfciona. and Formulation 
' " of the Ch^'actor'lc^xca Q/ the frVan'e 

Aa a basis for analysis a traxisvcrao jsfaip frame repre- 
sentatives of naval construction was do sired# Transverse 
frame 141 l/7 of the DD692 class destroyer ; DuOUipc Plan. l!o. 
565652, was arbitrarily selected for 3tudy# In tho analysis 
of this frame the f ollowixig assumptions are made; 

(1) The moment of inertia of tho frame is not affected by 
the longitudinals, lightening holes, or cable runs 
that pierce the v;eb* 

(2) One frame space of shell plating is considered to be 
effective# This is in accordance with tho U#h. Uavy 
practice as given in Bureau of Ships Memorandum Ho. 

447. 

(3) Tho shell plating is assumed to lie on the molded 
lino as it would with welded construction# With tho 
actual typo of in and .out plating used in tiiis frame 
the neutral axis was found to vary by as much as 
0#603 n # In order to avoid a discontinuity in the 
neutral axis some correction was necessary. It was 
done by this assumption so as to avoid considering 

a greater moment of inertia than exists at any point# 
The error is on the conservative aide. 

The frame was considered to be symmetrical on tho 




( 4 ) 



port and starboard sides* 

The moment of Inertia and the distance of tliO neutral 
axis from tho molded line fox* this frame ware calculated at 
25 points along one half the girth* This relatively large 
number of points was used so the data would more closely 
approximate the conditions of the actual frame* Tho results 
of this calculation are shown in Table III. Fr*om those re- 
sults large-scale plots v/ere made of moment of inertia vs. 
distance along one half the girth of the molded line and tho 
neutral axis distance from the molded lino vs* distance 
along one half the girth of the molded line* Small-scale 
copies of these curves aro shown in Figures IV and V re- 
spectively* 

The offsets representing the shape of the neutral axis 
wore obtained in tho following manner* A large-scale draw- 
ing of the molded line was made* On this was constructed 
tiie neutral axis from distances road from Figure V, Twelve 
stations were selected for use in the calculations to give 
the usual degree of accuracy* It was desirable that one 
station be located at tho deck edge because of a possible 
discontinuity* To do this the deck was divided into four 
equally spaced stations of 5*011 ft* The side shell was di- 
vided into eight equally spaced stations of 4*2&5 ft* Those 
12 points were located on tho neutral axis and the offsets 
obtained* These are given in Table IV* 



Tabic II I 

I Sonant of Inart in an u Doufcral Axis 
Distance fror. Hoick- A Line on Prototype 



D tut ion 


I . 

in4 


C 

in 


0 


1201 . 470 


4.348 


•1 


959.782 


4.661 


2 


959.782 


4*6ol 


3 


896.714 


5.026 


4 


775.415 


4.625 


5 


511.364 


4.032 


6 


464.003 


3.905 


7 


423.970 


4.590 


a 


412.114 


4.516 


9 


'' 394.694 


4.410 


10 


377.682 


4.303 


11 


350.306 


4.128 


12 


329.239 


3.986 


13 


396.971 


1.678 


14 


377.692 


1.620 


15 


352.859 


1,543 


16 


277.395 


1.224 


17-25 


253.116 


1.914 
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AIVrUIDIX B 



Description of the ? lode 1 Dosing 
J!;niiil‘act{rro, ?:a&' y Feczirij: iVVjceavx o 
for jbt'airilixT IiuUuo~nce~'Ljjpes ox tHe~ ilolfundants 



Theoratical Principle 



The docer. lination of influence linos for redundants by 
experimental means is based on the huller-Breslau. principle. 
This principle spates: 



The ordinates of tap influence line for any 
stress' ''olancn't'Ts^ct as axTaT stress, snear, or 
non on t J of any structure are propo r tibnaX - t o taos o 
of tne deflection' '<n^vV\/hic)i is obtalned by^ r> » 
noviitr the restraint correspo n dini^ to tliat' clement 
Tron the" structure and "i‘i'troducinp iiT Tt s pl ace 
a 'dox orTaVion TntolThc orX^nry strnc tm^c'lvTTcTr * 
renuulns,! 



Prof. G* 1, Bo.,fs lias developed a method and the necessary 
equipment for application of the 1 xiller-Broslau principle 
to the analysis of structures. The equipment consists of 
a model of the structure, a Bojps deforaeter fa.-pe, and a 
micrometer microscope. The 3 a ;;^s method is fully described 
in inferences (1} and (6), Its application to this invest!** 



O ation will be discussed under the 



t os tine procedure 



of the 



model o 

The development of t. a application of this principle 
follows. Consider the axial thrust developed during application 



1, biibur, J, B, and C. II, Harris, 
Analysis , itcGraw-Hill Book Co , , 



Elementary structural 

BlwTorSc; Wr ?TE> 0. 



F IGURE 





ox horizontal unit lo.ul us ^i.o \n\ in Fiyere Villa, oetti’o 
Lav; stator. t.mt vho external virtual /wort* done by •. nyotun of 
forces, P, durirr, the distortion caused by a 3; stun of forces, 
is equal to the external virtual work deno by the q eye ten 
during the distortion caused by the P s/stera. 

Figure VIII 





Condition » 1 



Applying 



Dotti * s 

Sb K 0 

**b 



Law to Figure Fill wo can 

* l*5nb + x b&bb 

« - ^nli(i) 

5bb 



write: 



( 1 } 

( 2 ) 



Applying tho Bcjgs r.^tnod to equation (2) is o wl to 
the distortion introduced by 011c type of ylu, s and £ r y 0 is 



the deflection measured 4 t any point bv the microscope 



In a similar calmer expressions for and X c can be developed 
so that: 



2 a - - -22- (1) (3) 

aa 

X c - - - (1) (4) 

cc 

gesl n of Hod el 

The node! U3ed with, the Beggs dcfoi’noter gage consisted 
of a planar celluloid representation of tho char a ctei*i sties 
of the original transverse frame, It was docided to make th© 
model from a sheet of celluloid l/l6 in, thick and to tho scale 
of 1/2 in, - 1 ft, 0 in, Tho characteristics of the proto- 
type represented by the nodal were tho shape of the neutral 
axis and tho moment of inertia. These were obtained at 41 
points spaced 16 in. apart along ono-half the girth by reading 
the values from the curves represented by Figures IV and V 
in Appendix A. This large number of points was used to males 
the model closely approximate the actual variation in the mo- 
ment of inertia. Similitude between the model and tho proto- 
type was attained by making the axial length k times that of 
the prototype find t.ue nanent of inertia of the model cross 
sections cc tines t^ose of the prototype. Froa this similitude, 
the ordinates to tho influence linos for axial stress or shear 
on the nodal arc equal to those on tnc prototype, but tho 
ordinates of tno influence line for any moment on tho proto- 
type are equal to l/k tines the corresponding ei*dinat#s on 



the model* Tho scale of the model dofinco the proportionality 
Sr Cv/or 1: * i/24. Tho proportionality constant, alpha («:), was 
assigned th j value of 1/740,000* The selection of this con- 
stant determined the depth of the frame. This was limited to 
the 3/4” maximum that the Beggs deformetor gage can accommodate* 
The development of tho formula for the determination of tho 
depth of tho model follows: 



* - & - 1 / 740,000 ( 5 ) 

ip 

b * 1/16” 



In 



h 



• JL* biP 

12 



U" 



192 






(6) 



V w2 4 - VIPS ■ 0,06375 ( v 1/3 (7) 



The offsets, given in Table IV, for tho curve of the neutral 
axis were determined by first drmrfjir tho molded line and 
then laying off the distances to the neutral axis* 



limufacture of I-fcdel 

The model was manufactured by plotting the neutral axis 
on the sheet of celluloid* Half of the frame depth, as deter- 
mined by equation (7), was laid off on each side of the neutral 
axis* The model uas first cawed out and then filed to the 
proper depth* Table V gives a comparison of the actual depth 
of the model and the theoretical depth as determined by equa- 
tion (7)* Uext the model was cut at the keel position and 



L> 





V ibis 


IV 








. >ll>Xu J. . 'iii'N. ti.. . i V ' 

f o i* J t : : t i ; n 


it 

- » C u L>r‘ !!.' 


f lu^rtia 
L .xis 






x i'ro". o-i.-jo 


>c lo .. 


ji\x .in*.; 




oU.it. 


k k \J . J X J. t • k t 0 kV < i t < 

on .ivi Line 
ft . 


7 

n in* r _ 


X 

ft • 


y 

ft. 


o 


0 




0 


0 


x 


*+ o 55 


960 


4.24 


.62 


2 


j.c; 


005 


0.42 


1 *. r> 

1* ( yO 


3 


13.00 


•' 

v* 


12.50 


0 \n 

+-* m ' C 


t 

‘r 


1V.40 


■ , ( V ; 

V V* y 


16.12 


4.90 


5 


w X . 5 


•Ou 


1 '.54 


v"o42 


6 


iu# /iO 


344 


#oo 


1 0 K/ 
•— *•- <* ^ v 


r? 

( 


3 0.50 


372 


/ ; -an 


a / *a 

~o. 


C> 

o 


35.00 


263 


20.05 


21c 11 


9 


40.13 


253 


15.40 


21.53 


Id 


45.17 


253 


10.04 


21.64 


11 


50. 04 


253 


5.C2 


21.99 


12 


l t: n z> 

J *> 


253 


0 


22.05 




ieutral Girth- 

<t at base to dho cu c 
<L at dock to dk. od ,c- 


« 34* -3 
- 20* -1 


3/d- » 34.201* 
l/2« - 20.125 f 






station -acin,;; o.. aoutral 


.XJL 3 







0— 0 — S rj 4. 255 i 

6-12 - a - j.Cnit 



Origin 



<t at Base Line 



Table V 
I too el J4p th 



station 



I 



P 




h Port Actual 

depth 

in. in. 



3tbd. Actual 

Depth 

In. 



c 


1201 


.676 


.690* 


.690* 


1 


995 


.636 


.o39 


.639 


2 


960 


• 629 


» 62o 


.626 


3 


960 


.629 


.625 


.625 


4 


950 


.627 


.626 


•625 


5 


911 


.616 


.626 


.620 


6 


646 


.603 


.609 


.604 


7 


749 


.579 


.572 


.560 


S 


600 


.537 


.536 


.544 


9 


497 


.505 


.502 


.506 


10 


455 


.490 


.466 


.495 


11 


431 


.461 


.476 


.465 


12 


415 


.476 


.475 


.476 


13 


401 


.470 


.466 


.471 


14 


369 


.465 


.465 


.466 


15 


376 


.460 


.461 


.461 


16 


362 


.455 


.457 


.451 


17 


351 


.449 


.447 


.453 


16 


340 


.445 


.436 


.447 


19 


340 


.445 


.436 


.443 


20 


365 


.456 


.457 


.459 


21 


364 


.463 


.459 


• 44 0 


22 


362 


.463 


.462 


.449 


23 


371 


.456 


.454 


.455 


24 


346 


. 446 


.446 


.440 


25 


299 


.426 


. 426 


.427 


26 


266 


.411 


4* «•» 




2? 


253 


.403 


.404 


.407 


20 


253 


.403 


.406 


.403 


29 ' 


253 


.403 


.406 


.405 


30 


253 


.403 


.405 


.405 


31 


253 


.403 


.405 


.405 


32 


253 


.403 


.•vQ4 


.403 


33 


253 


.403 


.404 


.399 


34 


253 


.403 


.403 


.399 


35 


253 


.403 


.404 


.403 


36 


253 


.403 


.405 


.401 


37 


r-j t* *\ 

so 3 


.403 


.405 


.402 


36 


253 


.403 


.404 


.405 


39 


253 


.403 


.402 


.405 


40 


253 


.403 


.404 


.401 


41 


253 


. 403 


.404 


.405 


Top 


253 


.403 




.404 




i\ 

<'■ Hot accxr. 


ate — due to cm.. e. 


:i crone ter 


CailUOt# bo 




W5GC\ 


satisi* ctorii.r. 







\ v t 






tho ends rigidly c landed in tine Boggs defomotor gage . The 
Beggs defarraeter gage consists of two 'waives held together 
b / springs* Th# right half of the gage was securely screwed 
to tiio table, l/ith the deforaeter gage arc sets of plugs , 
widLcii are inserted in the gag© to make tho two gage halves 
move relative to each other in rotation, horizontally or ver- 
tically. The plug sites are auca that one set causes relative 
rotation of 0.0104 radians, another set causes 0.0509" of 
relative horizontal displacement raid the third sot causes 
0*0509" of relative vertical displacement of the ends. Those 
distortions correspond to moment, tiirust and shear, respec- 
tively. 

The celluloid frame was supported at intervals by stool 
ball bearings resting on steel retainers, heights were placed 
over the supports to make the frame stay flat. It was found 
that tho -weights produced frictional forces of sufficient mag- 
nitude to cause erratic results. To eliminate this, the 
weights were removed during two taking of data, and due care 
was used to be sure the franc remained flat. 

Ordinates for the influence lines are to be determined for 
©act- of the 12 points along a half ^irth that were selected 
for use in two calculation of the influence lines. At these 
points, which wore located on the raodoi, microscope targets 
were ^luod. 

A micromotor microscope v.-as used to measure the deflections 









v»*iic*. occuiTOu at a point unen 



oac j* deformation was intro- 



duced by ti e .>lu,„.s. Since the nodel was symmetrical, 

tho redundants on th« starboard aide of the cut are either 
equal to those on the port side or differ from than by a 
statically detorniiiato factor* This factor is equal to the 
Support reaction corro op ondinp; to tho redundant beinj considered. 



As a check on the r.easurod 
tions v;aro also measured, 
to frictional affects, the 



deflections the starboard defies c- 
At a number of places, due probably 
redundants found from deflections 



of the port side wore not consistent at all points. At these 
points the values used for the influence linos were the averages 
of tae port and starboard deflections. The starboard readings 
used appear with the original data in Table XIX. 

Tho deflections measured with the microscope are in micro- 
scope units* To apply the Muller-Breslau principle they must 
be in inches. The movement of a target on tho plunder of an 
/mi to dial indicator was measured in microscope units. Tills 
movement was compared witu the movement registered in inches 
by the Aneo dial. The calibration data arc shown in Table 
aVIII, Appendix 1. A calibration constant of .000136 inches 



per microscope unit was used t*.rou£nout the experiment. 



Evaluation of Influence Lino Ordinates 

Equations (2}-(4) and t.io similitude proportionality 
factor k form the basis for the calculation of t. a ordinates 



of tiro influence liner.* 



X a »-kx 0*0001^6 (1} :c iuchc^ £U_i;i p 

£ ra 1 2 Si. radian nlcr.unit inch 

S& a “ 0.0104 radians 

x b ..iali x 0.000186 (1) x Inches - 

inches nicr.unit 

Kb * 0.0309 in. 

X r « - hn& X 0.0001S6 (1) :c igchss _ x ki p 

£ ca inches micr.unit 

& cc * 0.0509 in. 

> 

In evaluating these expressions the avera^o deflections 
for £na» ^nb» euid <$ nc pivon in Table XIX '..ore used. The re- 
sults are s-iowa. in. Tables I and II. 



Calculation of Influence Lines 
1)7 tno' hlaseic ''Jen tor ijothdcT " 



The elastic center method consists of a special applies 
tlon of the law of virtual work, in wilier. location of the 
redundant^ at the elastic center simplifies tho solution of 
the equations. The method and tho equations aro derived in 
i*o for an ce (4)* 

Tho effects of axial stress and shear arc a small order 
of magnitude and were neglected. The positive direction of 
the rcdimdants will be as shown in Figure IX* Applying the 



Figure IX 




law ox virtual work to this frame v.. r c can write the equations: 



(b‘) 

(9) 

( 10 ) 



(1) c> a “ u ** + ‘-b&ab + A c^ac 

(1} Sb * 0 • &bo + A a$ba + ^b^bb + x c&bc 

( £e * 0 rt Sco + A a^ca * -^bScb + A c&cc 

In the above equations & refers to a deflection and X to a 

redundant force* The first subscript names tiie point whose 
deflection is under consideration at the non ant and the 
direction of that deflection, the second names the cause 

of the distortion. The subscript, o, indicates lariotm. external 
loadings * 

By locating the redundunts at tno elastic center £ a b ** 

$ba " $bc “ ^ eb " S ac * Sea " °* rjms it i3 that 

equations ($)-{10) simplify to 




X r * - 

See 



( 11 ) 



( 12 ) 

(13) 



The location of toe elastic center was first determined 
by equation ( 14- ) » ■■ 



y 

“'•r -s 

y * distance from assumed axis to the 
elastic center 

A- « elastic wei-dit 
o 

I 0 was arbitrarily assumed * ( X>0 i 



**>-> 

% v ; 



Due to the 



Integration of equation (It) is shown in Table VT. 
symmetry of the frame, integration was' carried iialfwuy around 
and doubled. The elastic velrht is equal to £ an evalu- 

ated by equation (15) 




:;i 0 Saa - bi 0 Aq « L*Jks£& x 2 x 51.3612 - 296.3003 

x 330.0717 

y « — l «. 16.0056 ft. 

x 51.3612 

Tue origin v/aa .assumed at the molded base line on the centerline 
uf tue ship. Tiie elastic center is located at y « 16.0056 ft. 
and, due to symmetry about the y axis, at x <* 0. Let y 0 be the 
vertical distance from a point to the elastic center. 5 bb was 
determined from equation (16). The integration of this equa- 
tion is shown In Table I. 



31 0 &bb “ da - ^y 0 2 da (16) 

» 3121.1653 x x 2 « 17,332.2576 

3 

& cc was dete rained fron equation (17). The integration of 
tnic equation is shown in Table VI. 

hljcc - ds - jx/ la ds (17) 

« 10743.5039 x — —j— x 2 - 61409.7311 
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in 'uo stress analysis of tuis fra? 10 influence line 



for til. redundant a caused by (1) a unit vortical load mid 
(2) a i . it horizontal load were determined* h stable and 
statically determinate structure that remains afeer the ro- 
noval of the redundant forces is called a primary structure. 
Figure Z saous the primary structure assumed. 



Figure 1 




II Q is the benzine nenont la the primary structure caused by 



a unit load applied at u 


Civen 


point* For 


the primary structure 


$ to - jWy 


ds » j 


da 


(13) 


£bo “J'yy ^ 


ds • ^ 


J ; ‘o/o -U 


US) 


Sco w ^vio 5 s 


els « ^ 


^ U ds 


(.10) 



l'hrt integral _ais of ^ ao » ^ bo# and i C o are «notm in Table VII 
ft * a unit vertical load and in Table VIII for a unit hori- 
aootal load* The reduudants are evaluated by aquations (11)- 
(13)* The numerical evaluation of these is shown, in Tabic 
IX for a unit vertical load raid in Table JL for a unit hori- 
zontal load* 

Tho values obtained for tile ' redundants located at the 
elastic center are different from those obtained experimentally 
because of tne difference in the location. Figure XI shows 
tho t*.#o locations and the positive sense of the redundanfcs. 
Equations (21)-(2J) give the relationship between the redundant 



Figure XI 




at the tvjo locations when a vertical load is applied cn the 
port side of the frame. 
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Integration of d aot dbo» &co *<>** a Unit Load Applied Horizontally 
Load at Point lp Load at Point 2p 
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Table IX 

Calculation of K&dundants at elastic Center duo to Vortical Load 
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(- 21 ) 

( 22 ) 

( 23 ) 



: \L * “ yo : ' : b - x#1 

>:*2 - x b 

-'■3 ’ ; -c - 1 

Equations (2 4)-(26) give the relationship betv/eon tha reuun- 
dants at tue tvro locations w..on a horizontal load is applied 
on the port side of the fra'jo* 



: *’l “ “ y 0 ^b + 

2*2 " 2b - 1 

2*3 - X c 

The evaluation of equations (21) and (23)~{25) 
Table XI for a unit vertical load and in Table 
unit horizontal load. 





(24) 




{ 25 ) 




(26) 


is 


shown in 


XII 


for a 
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ansfcr of Raiundants to tfalocato at Jtation 
Due to Unit Vortical Load 
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tnufur of .1c dundants "to Ucioc^t o at station 
Duo to Unit Horizontal Load 
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Calculation of Jrifluencc Lines 
Tor th'i Ic'dtniaantg by 'the i i o y;;a ir'd To t nod 



The cncr&l ; iat*.o::u;ticu.l treatment and ; voile i Lions of 
the farnUu. -.o are describe^ by Jr* cllliran Kovrpiard In 
reference (5), 

Briefly, the* procedure followed was to apply a unit 
vortical load at one station and solve for the redunlantn. 
Tills was repeated for every station; then the whole procedure 
was repeated for a unit horizontal load* The results were 
plotted as a family of influence lines. 

The following assumptions were made: 

(1) The neutral axis of the ship franc ferns a continu- 
ous closed curve, interrupted by a point 5f sharp 
curvature -t the deck ed_e c 

(2) The intersection of the neutral axis v/ith the cen- 
terline just above two keel was used as the origin 
of coordinate axes, and was the place at which the 
bendiiic moment , tin* us t and shear wore found* 

(.3) Only the deformation caused by bonding was considered 
deformations eausod by axial and a near forces wore 
iie “looted. 



The equations fundamental to the Lovraard method arc: 



0 



( 23 ) 




( 29 ) 



Y.'h 



ro : 



•* - bending n xicnt at a point due to 
x ® horizontal co ordinate of a point 
y « vertical coordinate of a point 
X » no-.icrit .>f inertia 

Inch unite arc used for nonent of inertia 
•/ore ub«u for other terns, 

The value of M depends on the loading 
nature of the redundantc. In Figure III 

Figure XII 



vdll J. Jl'Lcij 



; kip and feet units 

ays ten and the 
the redundant s are 




y >plicd >*.. id -\n aiditionnL force and cou, le wore Inserted at 



station 0 in order to Maintain o iuilibrijci. Tho support 
reactions vanish whoa actual use it made of c..o iazflueuco 
linos* The n orient at any station (A) is 

i ! “ j Iq -*■ 1*3C — 1*1; 



-o ^ -o/ ^ + 



(30) 



lilt e^rati on was done iialfvny around tho franc and advau- 
t.\jc taken of yr.no try. din.,3on f n rule i/as used for integra- 
tion with oi Jit stations selected between the keel and the 
deed ed t ,o , and four •iore stations selected between the dock 
ed^c and tao co..tor of the deck* The spacing of stations 0 
to & vas 4.2S5 feet and of stations 6 to 12 was 3*031 feet. 
All terns were divided litrou^i by 4.205, yielding "station 
factors" of 1 and 1*174, which were easier to tabulate. 

Use was node of Professor G. C, JIannin t ; : o Method of 
oryraniwin” the work in the following ©options. 

Jubstitutinc M in equation (27) 



Jj ds » J* M. (TIq + P 0 y + v'^x * fi«oc) ► 0 (31) 

Integrating tern by torn with Sinpcon t s rule we have 



I? 



ds « 1L iad 
-o 3 



(i 



L 

21, 



+ -»■*-_ + 



o 

+ -jr. 



Il 12 *3 



1 \ „ 2 

2112 / 3 



adO 1 * 

oC b 



(32) 



* *'o + if + X?p + * 8 * " j^/3 ? 0 (33) 










Jubrtitute (32) (33) (3 K) •.aid (33) in equation (31), divide 

O *: 

t ' .rou h by slid tl.e result is 

<* n 0 * ? 0 + d 0 + € « o (36) 



ilorlv 



ii-or.i o illations (2d) and (29), one nay derive: 



+ ^l*o + *rx> + £ 1 ” 6 (37) 

°*2^o + ‘^2^o * '^2~o + ^ p 17 0 (3d) 

Tie value- of £, 6^ end d~y.nid on the external loading 

S J y-i u (j . w 



T~e values of oi „ /i? and K 


are eo.n:>fccnit* 


In Table dill are 


found the value., of d^., 


, arid , 


J£. Doubling 


IV G : 


o( “ .109020 


/3 - 


1.6^ 090 


- 0 


oi t_ « 1.600090 


73 1 


32.072760 


Xj « 0 


C^2 ” *3 


/3 2 ” 


0 


- 22.3 '«)912 



The vJvao of £ , £ j aid £p wuro found, for the vertical 
load, by the in,to rations s'. t c :i in Taolu XIV* 

T-o simultaneous a rations (36), (37) and (3d) uere solved 
in Table.. 171 and XvTI* 
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In t-*o r.TO. . uj.ii.. aril, a vortical load lias boon considered, 
la c lusidei ing a horizontal load equation (30) would be 



14 “ hl Q ♦ ? Q y ♦ ^ o x ~ l«y + 1*H 



( 39 ) 



where L is the vertical distance from the ori. ; in to the point 
of application of the load. Squat ion (33) would bo 



fikzldo - 21 (lb&. * 2ilk! &U {!-/?) + 2i! liras)*...* - 22. c f «) 

J I 3 \2Io U 12 13 2112 / 3 



The values of £, and £2 were found for the horizontal 
.lo-d b; tij-.. i ,U t , rot ions si .own in Table XV. 

The moment, t* trust, and shear obtained were the values 
..net to the right c.f t*.c support reactions. They differ frees 
the values just to the left by the amount of the support re- 
actions. Per comparison wit., the values found ox. erinontally 
and by the elastic center metnod the values to tho left were 

4f' 

desired. Idle conversion was made by algebraic addition of 



support reactions us follows: 
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Tho computations are done i, Tables 
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